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B HacTOHinen pa6oTe ccpopMyirapoBaHa BTopaa sa^ana CTOKca o noBe^eHnn pa3- 
pe>KeHHoro ra3a, 3anojiH5noinero nojiynpocTpaHCTBO. IIjiockoctl., orpaHHHHBaioinaH 
nojiynpocTpaHCTBO, coBepniaeT rapMOHnnecKne Kane6aHH« b CBoeli njiocKOCTH. Hc- 
nojib3yeTca KHHeTnnecKoe ypaBHeHHe c MO,n;ejibHbiM HHTerpajioM ctojikhob6hhh b 
cpopMe r-Mo^ejiH. PaccMaTpHBaeTCH anyuan flncbapy3Horo OTpajKeHHH MOjieKyji ra- 
sa ot CTeHKH. Haxo,a,HTCH co6cTBeHHbie penieHHH (HenpepbiBHbie MO,n;bi) Hcxo^Horo 
KHHeTHHecKoro ypaBHeHHa, OTBenaioinHe HenpepbiBHOMy cneKTpy. H3yuaioTCH cboh- 
CTBa ^HcnepcHOHHOH cpyHKijHH. HccjieflyeTC3 flncKpeTHbift cneKTp 3a,n;aHH, coctoh- 
uthh H3 Hyjieli /nicnepcHOHHoii cpyHKnrffl b KOMnjieKCHoft njiocKOCTH. IToKa3aHO, hto 
hhcjio Hyjieit /nrcnepcnoHHOH cbyHKniiH paBHO ya,BoeHHOMy HHfleKcy K03cbcpHirHeHTa 

HOR K03(p(pHn,HeHTOM SaflaHH nOHHMaeTCH OTHOIIieHHe rpaHHHHblX 3HaneHHH 

flHcnepcHOHHoli cpyHKi^HH CBepxy h CHH3y Ha fleftcTBHTejibHoli ocn. ^ajiee Haxo^HTca 
co6cTBeHHbie peineHna (,a,HCKpeTHbie mo^h) ncxo/nroro KHHeTnnecKoro ypaBHemia, 
OTBeuaionTHe ,a,HCKpeTHOMy cneKTpy. 

B KOHue pa6oTbi cocTaBjraeTCH o6m;ee peineHHe KHHeTnnecKoro ypaBHeHHH b Biyje 

pa3JIOJKeHH3 no Co6cTBeHHbIM pemeHHSM C HeH3BeCTHbIMH KOSCpCpHnHeHTaMH, OTBe- 

naiom,HMH /nicKpeTHOMy h HenpepbiBHOMy cneKTpaivi. 

Key words: the second Stokes problem, collisional gas, eigenvalue, eigenfunction, 
characteristic equation, dispersion function, expansion by eigenfunctions. 

PACS numbers: 05.20.Dd Kinetic theory, 47.45.-n Rarefied gas dynamics, 02.30.Rz 
Integral equations, 51. Physics of gases, 51.10.+y Kinetic and transport theory of 
gases. 



1 Introduction 

Sa^a^a o noBe^GHiiii ra3a Hafl flBH^KymeHCH noBepxHOCTbio b nocjie^HHe 
ro,n,bi npHBjieKaeT npiiCTajibHoe BHiiMaHHe [I] [T7]. 3to CBH3aHO c pa3BHTH- 
eM coBpeMeHHbix TexHOJiornft, b HacTHOCTH, TexHOJioriiH HaHopa3MepoB. B [2] 
[T7] 3Ta sa^ana peniajiacb HHCJieHHbiMH hjih npn6jiH>KeHHbiMH MeTo^aMH. B 
HacToameii pa6oTe noKa3aHO, hto 3Ta sa^a^ia flonycKaeT aiiajiHTHHecKoe pe- 
nieHHe. AHajiHTHHecKoe peineHHe ctpohtch c noMom,bio Teopiiii o6o6m,eHHbix 
(pyHKu,HH h CHHryjiHpHbix HHTerpajibHbix ypaBHeHHH. 

BnepBbie sa^a^ia o noBe^eHHH ra3a Hafl CTeHKoii, KOJie6jnoin;eiiCfl b CBoeft 
njiocKOCTH, 6bijia paccMOTpeHa JIik. T. Ctokcom pQ. Sa^ana peniajiacb thr- 
poflHHaMHHecKHM MeT 0,3,0 m 6e3 y^eTa scpcpeicra cKOJib^KeHHH. 06biHH0 Taxyio 
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3ajj,aHy HasbiBaioT BTopoii 3a,n,aHeH CTOKca [2]-[2] 

B nocjie^HHe ro/xbi Ha Tetviy stoh sa/raHH iiohbhjich psi/j, ny 6jiHKaHHH . B pa- 
6oTe [2] paccMaTpiiBaeTCH 6ecKOHeHHa5i KOJie6jnoma5ic5i noBepxHOCTb. 3ajj,aHa 
paccMaTpHBaeTCH fljra jnoGbix nacTOT KOJie6aHH5i noBepxHOCTH. H3 khhgth- 
necKoro ypaBHeHHH BrK nojiyneHO ypaBHeHHe THna rH/xpojiHHaMHHecKoro. 
PaccMaTpHBaiOTCH rHjjpojjHHaMHHecKHe rpaHHHHbie ycjiOBHH. Bbojjhtch ko- 

3(pCpHHHeHT, CBH3bIBaK)IHHH CKOpOCTb ra3a Ha nOBepXHOCTH CO CKOpOCTbK) 

noBepxHOCTH. H30TepMHHecKoe CKOJib>KeHHe He y^HTHBaeTca. rtojiyneH bh/j, 

rpa(J)HKa 3aBHCHM0CTH CHJIbI TpeHHH Ha nOBepXHOCTH OT HaCTOTbl KOJie6aHHH 

noBepxHOCTH. E[oKa3aHO, hto b cjiynae BbicoKonacTOTHbix KOJieGaHHH cnjia 
TpeHHH, fleHCTByioiHafl Ha noBepxHOCTb, He 3aBHCHT ot nacTOTbi. 

B pa6oTe [IU] nojiyneHbi KOScpcpHHHeHTbi B5i3KOCTHoro h TenjiOBoro CKOJib- 

>KeHH5I C HCnOJIb30BaHHeM pa3JIHHHbIX MOflejIbHblX ypaBHeHHft. Hcnojib30Ba- 

Hbi KaK MaKCBejuiOBCKHe rpaHHHHbie ycjiOBH5i, Tax h rpaHHHHbie ycjiOBHH 
HepHHHbHHH — Jlsivinnc [TT] . 

HanGojiee 6jiH3Kaa k penieHHoft b nepBOH h BTopoii rjiaBax JiHCcepTaniiH 
[T7] sajrana penieHa b CTaTbe P2] : pacciviaTpHBaeTCH ra30BbiH noTOK Ha^ 6ec- 
KOHenHOH njiacTHHoft, cc-BepniaioineH rapMOHHnecKHe KOJie6aHH5i b co6cTBeH- 
hoh njiocKOCTH. HaftfleHa CKopocTb ra3a Ha/j, noBepxHOCTbio h cnjia, fleftcTBy- 
lomasi Ha noBepxHOCTb co CTopoHbi ra3a. fljra cjiynaa hh3khx nacTOT aa/rana 
penieHa Ha ocHOBe ypaBHeHH^ HaBbe — CTOKca. H30TepMHHecKoe CKOJib>Ke- 
HHe He yHHTbmajiocb. ,ZJjih npoH3BOJibHbix CKopocTeii KOJie6aHHH noBepxHO- 
cth aa/rana penieHa HHCJieHHbiMH MeTOflaMH Ha ocHOBe KHHeTHnecKoro ypaB- 
HeHHH BojibH,MaHa c HHTerpajiOM ctojikhob6hhh b (popMe BTK (Bxaraarap, 
Tpocc, Kpyic). IlpH 3tom paccMaTpHBajica TOJibKO cjrynaH hhcto jxii(pcpy3- 
Horo OTpa>KeHH5i MOJiexyji ot noBepxHOCTH. ,HaHO aHajiHTHnecKoe penieHne 
fljra cjiynaa KOJie6aHHH bmcokoh nacTOTbi. H b stom cjiynae pacciviaTpHBaeT- 
C5i TOJibKO hhcto JXH(p(py3Hoe OTpa>KeHHe MOJiexyji ot noBepxHOCTH. B KOHue 
BTopoii rjiaBbi jjiiccepTaHHH [T7] npoBe/xeHO conocTaBjieHne pe3yjibTaTOB, no- 
jiyneHHbix b CTaTbe [12] c pe3yjibraTaMH, nojiyneHiibiMii b JXHCcepTannii |17| . 

Pa6oTa [13] HBji5ieTC5i SKcnepiiMeiiTajibHbiM HCCjieflOBaiiiieM. H3ynaeTC5i 
noTOK ra3a, co3Jj,aBaeMbiH MexaHHnecKHM pe30HaTopoM npii pa3JiHHHbix na- 
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CTOTax KOJie6aHHH pe30HaTopa. 3KcnepHMeHTbi noKa3biBaioT, hto npn hh3- 
khx HacTOTax KOJie6aHHii pe30HaTopa, fleHCTByiomasi Ha Hero co ctopohm 
ra3a cnjia TpeHHH npsrvio nponopn,HOHajibHa nacTOTe KOJie6aHH5i pe30HaTO- 
pa. IlpH BbicoKHx nacTOTax KOJie6ami5i pe30HaTopa ( 10 8 Tn,) fleHCTByromasi 
Ha Hero cnjia TpeHHH ot nacTOTbi KOJie6aHHH He 3aBHCHT. 

B nocjie^Hee BpeMH sa^ana o KOJie6aHH5ix iijiockoh noBepxHOCTH b co6- 

CTBeHHOft njIOCKOCTH H3yHaeTC5I H flJIH CJiyHaH HeHblOTOHOBCKHX JKHflKOCTeft 
[5] H 0. 

B CTaTbe |H] paccMaTpHBaeTca npiiMep npaKTiinecKoro npHMeHeHHa ko- 
jie6aTejibHOH cucTeMbi, no^oGHOH paccMaTpiiBaeMoii bo BTopofi sa^ane Ctok- 
CEL., b o6jiacTH HaHOTexHOJiorHH. 

06hi,hm cyni,ecTBeHHbiM HeflOCTaTKOM Bcex ynoMHHyTbix TeopeTHnecKHx 
pa6oT no penieHHio BTopoft salami CTOKca 5rejraeTC5i OTcyTCTBHe yneTa xa- 
paKTepa BsaHMOfleiicTBHH c noBepxHOCTbio, T.e. pacctviaTpHBaeTC5i TOJibKO 
cjiynan iiojihoh aKKOMOflar^iiii TaHremniajibHoro HMnyjibca. 

Ko3(p(pHii,HeHT aKKOMO^auHH TaHreHD,HajibHoro HMnyjibca 5iBjraeTC5i Be- 

JIHHIIHOH, 3aBHCHLU,eH OT COCT05IHH5I nOBepXHOCTH. H eCJIH B " eCTeCTBeHHOM " 

coctohhhh 3HaneHHe 3toh BejiHHHHbi kbk npaBiuio 6jih3ko k eflHHHi^e, to npn 
cnerj,HajibHOH o6pa6oTKe noBepxHOCTH ee 3HaneHHe mojkho yMeHbniHTb mho- 
roKpaTHO [15], a 3HanHT h cymecTBeHHO H3MeHHTb xapaKTep BsaHMOfleftcTBHsi 
noBepxHOCTH c npiuieraiomHM ra30M. 

B ycjiOBH^x CTpeMHTejibHoro pa3BiiTH5i BaKyyMHbix TexHOJioriiH h Ha- 

HOTeXHO JIOrHH , COBepnieHCTBOBaHHM aBHaiTHOHHOH H KOCMHHeCKOH TeXHHKH 

BecbMa aKTyajibHbiM h n,ejiecoo6pa3HbiM ^Bji5ieTC5i pa3BHTiie HanpaBjiemra 
HccjieflOBaHHii, CB5i3aHHoro c onpe^ejieHHeM bjiithhith BsaiiMOfleftcTBirH MOJie- 
Kyji c noBepxHOCTbio Ha nepeHOC HMnyjibca b cucTeivie "ra3 - TBep^oe Tejio" 
npn npoH3BOJibHOM pa3pe>KeHHH ra3a h ycTaHOBjiemieM CB5I3H <pH3iiHecKiTx 

CBOHCTB Me>K(pa3HOH rpaHHUbl C MaKpOCKOnHHeCKHMH raSOflHHaMHHeCKHMH 

napaivieTpaMH. 

B fliiccepTaiTHH [T7] 6bijiH npe/yiojKeHbi flBa pememra BTopoft salami Ctok- 
ca, yHHTbmaiomHe Becb B03MO>KHbiH ^nanasoH KOScpcpHUHeirra aKKOMO^auHH 
TaHreHi],HajibHoro HMnyjibca. 3th penieHHH OTBenaiOT cooTBeTCTBeHHO rii^- 



5 



poflHHaMHHecKOMy ii KHHeTHHecKOMy onncaHHio noBe^eiiira ra3a Ha^ KOJie6- 
jnomeHCH noBepxHOCTbio b poKHMe co cko jib>KeHiieM . 

B npefljiaraeMofi cGpiiii pa6oT BTopaa sa^ana CTOKca BnepBbie peniaeTca 
aHajiHTiiHecKH. IlpH stom Hcnojib3yiOTC5i cimryjiapHbie iiHTerpajibHbie ypaB- 
HeHHe c siflpoM Kohiii ii o6o6meHHbie (pyHKHini. HacT05iiii,a5i pa6oTa — nep- 

Ba5I 113 3TOH CepHH. 

B n. 3 HacTOiimeii pa6oTbi paccMaTpiiBaeTC5i nocTaHOBKa BTopoii 3q,^qmu 
CTOKca. Sa^ana cpopMyjinpyeTCH b o6m,eii nocTaHOBKe — c iicnojib30BaHii- 
eM rpaHHHHbix ycjiOBiiii MaKCBejuia (3epKajibH0 - ^HcpcpysHbix rpaHHHHbix 
ycjiOBHii). flajiee sa^ana 6yn,eT paccivraTpiiBaTbCH TOJibKO fljra ^HcpcpysHbix 
rpaHHHHbix ycjiOBHii. B KanecTBe KimeTiiHecKoro ypaBHeHii5i pacciviaTpiiBa- 
eTCH jiiiHeapii30BaHHOG KHHeTHHecicoe ypaBHemie. 3to ypaBHemie nojiynaeT- 
C5i nyTeM jiHHeapH3aHHH MOflejibHoro KHHeTHHecKoro ypaBHGHiisi BojibHMa- 
Ha ii HHTerpajiOM ctojikhob6hhh b cpopivie pejiaKcamiOHHoii r-MO^ejiH. 3to 
Tax Ha3bmaeMoe Mo^ejibHoe KHHeTHHecKoe BrK (BxaTHarap, Tpocc, Kpyx) 
ypaBHeHHe. 

IljiacTHHa (njiocKOCTb), orpaHHHHBaioiHafl nojiynpocTpaHCTBO c pa3pe- 
>KeHHbiM ra30M coBepniaeT KOJie6aTejibHbie flBm-KeHHsi B^ojib och y. B Kane- 
CTBe rpaHHHHbix ycjiOBHii Hcnojib3yiOTC5i flBa ycjiOBHH. OflHO H3 hhx — rpa- 
HHHHoe ycjiOBHe B^ajiH ot CTeHKH — Tpe6yeT HCHe3aHHH cpyHKHiiH h{x\,n) 
B^ajiH ot CTeHKH. BTopoe ycjiOBHe - - ycjiOBHe Ha CTeHKe - - BbiTexaeT H3 
Tpe6oBaHH5i ^HcpcpysHoro OTpa>KeHH5i MOJieKyji ot CTeHKH. Tpe6yeTC5i onpe- 
^ejiHTb (pyHKii,Hio pacnpe,a;ejieHH5i ra30Bbix MOJiexyji, HaiiTH CKopocTb ra3a b 
nojiynpocTpaHCTBe h HenocpeflCTBeHHO y ctchkh, HaiiTH cnjiy TpeHH5i, ^eii- 
CTByioiiiyio co ctopohm ra3a Ha njiacTHHy, HaiiTH moihhoctb flHCCHnaHHH 
SHeprHH njiacTHHbi. 

B n. 4 KHHeTHnecKoe ypaBHeHHe ynpomaeTC5i nyTeM npeflCTaBjieHHsi cpyHK- 
hhh pacnpeflejieHHH b BH^e nporoBefleHHH y-KOMnoHeHTbi ckopocth MOJieKyji 
ra3a Ha HOByio HeH3BecTHyio cpyHKHiiio. Ilpn stom nojiynaeTCsi oflHonapa- 
MeTpHHecKoe ceMeiiCTBO KHHeTHnecKHx ypaBHeHHii c hhcto mhhmbim napa- 
MeTpoM. riapaivieTpoM ypaBHeHHii cjry>KHT 6e3pa3MepHa5i BejiHHHHa nacTOTbi 
KOjre6amiH njiacTHHbi. 3Ta BejniHHHa uj\ = u /v = lot paBHa nacTOTe KOJie6a- 



6 



hhh njiacTHHbi uj, ^ejieHHOH Ha BejiiiHimy nacTOTbi 77 ctojikhobghhh MOJieKyji 
ra3a, r = 1/u - BpeMH Mewipy ^ByMH nocjie^OBaTejibHbiMH ctojikhobghhhmh 
MOJieKyjibi. 

B n. 5 HaxoflHTCH co6cTBeHHbie penieHHH (HenpepbiBHbie Mo^bi) 110x0,0;- 
Horo KHHeTHHecKoro ypaBHeHHH, OTBenaromHe HenpepbiBHOMy cneKTpy. IIo- 
cjieflHHH coBna^aeT c fleiiCTBHTejibHOH nojio>KHTejibHOH nojiyocbio. 3th co6- 
CTBeHHbie penieHHH Haxo^HTCH b npocTpaHCTBG o6o6m,eHHbix (pyHKunft (pac- 
npeflejieHHii) . IIpHBOflHTCfl cpopMyiibi CoxouKoro rjisi flHcnepcHOHHoii cpyHK- 
uhh 3aflaHH, HBjiaiomeHca ochobhoh b nocTpoeHHoft TeopiiH. ^HCnepCHOHHaH 

(pyHKIJHH 5IBJI5ieTC5I KyCOHHO aHajIHTHHeCKOH (pyHKrj,HGH C fleHCTBHTejIbHOH 
OCbK) B Ka^eCTBe JIHHHH CKaHKOB (pa3pbIB0B). 

B n. 6 nccjie/ryeTCH flHCKpeTHbiii cneKTp 3a,zraHH, cocto5hii,hh H3 Hy/ieft 

flHCnepCHOHHOH (pyHKHHH B KOMIIJieKCHOH njIOCKOCTH. IIpiIMeH5IGTC5I IipiiH- 

unn apryivieHTa H3 Teopiiii cpyHKUHii KOMiuieKCHoro nepeMeHHoro. IIoKa3a- 

HO, HTO HHCJIO Hyjieft flHCnepCHOHHOH (pyHKUHH paBHO yiTBOeHHOMy HH^eKcy 

K09(p(pHD;HeHTa 3a,n,aHH. Hop KOScpcpHUHeHTOM G(/j) s&pasm noHHMaeTca ot- 
HonieHHe rpaHHHHbix 3HaHeHHH fliicnepcHOHHoii (pyHKUHH CBepxy h CHii3y Ha 
fleHCTBHTejibHoii och: G(/j) = X + (fi) / \~ (fi) . BbmcHaeTCH, hto cymecTByeT 
KpHTHHecKaa nacTOTa 

u{= max y/[lm ^ + (/«)] 2 ~ P« A+O)] 2 « 0.733, 

0<^<+oo 

Taxasi, hto npn cji G [0, col) HH^eKC KOScpcpHinieHTa 3a^aHH paBeH e^HHime: 
x{G) = 1, a npn to 1 G {u\, +0) HHfleKC KOScpcpimHGHTa 3a,zraHH paBeH Hyjiio: 
x(G) = 0. TaKHM o6pa30M, ecjiH uj\ HaxofliiTCfl nepBOM (jieBOM) periiOHe, 
to flHcnepcHOHHaa (pyHKiriM invieeT ^Ba KOMnjieKCHO - 3HaHHbix Hyjia, otjih- 

HaK)II],HXC5I JIHHIb 3HaKaMH B CHJiy HeTHOCTH flHCnepCHOHHOH (pyHKHHIi. Ecjih 

napaivieTp uj\ HaxofliiTCH bo btopom (npaBOM) periiOHe, to hh^gkc 3a,zraHH 
paBeH Hyjiio, T.e. flHcnepcHOHHaa cpyHKr^ira KOMnjieKCHO - 3HaHHbix Hyjieii He 
HMeeT. 

flajiee Haxo^HTca co6cTBeHHbie penieHH^ (^HCKpeTHbie Mo^bi) iicxoflHoro 
KHHeTHnecKoro ypaBHeHHH, OTBeHaiomHe ^HCKpeTHOMy cneKTpy. 

B KOHue pa6oTbi cocTaBji5ieTC5i o6mee penieHne KiiHeTiiHecKoro ypaBHe- 
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HH5i b BH^e cyMMbi co6cTBeHHoro ^HCKpeTHoro penieHHH, yMHOJKeHHoro Ha 
HeH3BecTHyio nocTOHHHyio, n HHTerpajia no HenpepbiBHOMy cneKTpy ot co6- 
CTBeHHbix penieiiiiH, OTBenaioinnx HenpepbiBHOMy cneKTpy, yMHO>KeHHbix Ha 
Hen3BecTHyio (pyHKnnio. 3th HeH3BecTHbie nocT05iHHa5i n (pyHKnnsi Ha3biBa- 
K)TC5i cooTBercTBeHHO KoacpcpnnneHTaMH ^ncKpeTHoro n HenpepbiBHoro cneK- 
TpoB. 3th HeH3BecTHbie HaxoflHTCH H3 rpaHHHHbix ycjiOBHH. 3T0My Bonpocy 
6ynyT nocB5ini,eHbi cjieflyiomne HaniH pa6oTbi. 



2 JlHHeapH30BaHHoe KHHeTHHecitoe ypaBHeHHe rjisl 

3a,z],aHH o KOjie6aHHax ra3a 

IlycTb pa3pe>KeHHbin oflHoaTOMHbiii ra3 3aHHMaeT nojiynpocTpaHCTBO x > 
Hafl njiocKoii TBep^oii noBepxHOCTbio, jie^aineii b njiocKOCTH x = 0. Ilo- 
BepxHOCTb (y, z) coBepniaeT rapMOHnnecKne KOJie6aHH5i B^ojib ocn y no 3a- 
KOHy U s (t) = Uo cos cut. 

PaccMOTpnM jiHHeapn30BaHHoe KHHeTnnecKoe ypaBHeHne 

dip dip vm 

~di + Vx dx + X) ^ = kf VyUy ^' ^' ^ ' 

B(l.l)^ = l/r - nacTOTa ctojikhobchhh ra30Bbix MOJiexyji, r - BpeM5i 
MOK^y flByMH nocjieflOBaTejibHbiMH ctojikhobchhsimh MOJiexyji, m - Macca 
MOJieKyjibi, k - nocT05iHHa5i BojibinviaHa, T - TeivinepaTypa ra3a, u y {x) - 
MaccoBaa CKopocTb ra3a, 

u y (t, x) = i J f(t, x, v)d 3 v, (1.2) 

n - nncjiOBaa njiOTHOCTb (KOHneHTpannsi) ra3a. KoHneHTpannsi ra3a n ero 
TeivinepaTypa cnnraiOTCH nocT05iHHbiMH b jiHHeapn30BaHHOH nocTaHOBKe 3a- 
^ann. 

BBe^eM 6e3pa3MepHbie ckopocth n napaivieTpbi: 6e3pa3iviepHyio CKopocTb 
MOJieKyji: C = v7^ v {P = Tn/(2kT)) 7 6e3pa3iviepHyio MaccoByio CKopocTb 
U y (t,x) = yf]$u y (t,x), 6e3pa3MepHoe Bpeivm t\ = vt h 6e3pa3MepHyio cko- 
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pocTb KOjie6amiH nnacTHHbi U s (t) = Uq cos out, r^e Uq = y/]3uo ~ 6e3pa3- 
MepHaa aivinjiHTyfla ckopocth KOJie6aHHH rpaHHHbi nojiynpocTpaHCTBa. To- 
iyja ypaBHeHHe (1.1) mojkct 6biTb 3anncaH0 b BH^e: 

H + Cx ^k + ^ th Xh c) = 2CyUy ( th Xi) - (L3) 

3aivieTHM, hto fljia 6e3pa3MepHoro BpeivieHH U s {t\) = t/ocosu;iti. 

B sa^ane o KOJie6aHH^x ra3a Tpe6yeTC5i HaiiTii (pyHKHHio pacnpe^ejieHHH 
f(ti, X\, C) ra30Bbix MOJiexyji. OyHKirnsi pacnpeflejieHH^ CB3aHa c cpyHKiriieH 
tp(ti,Xi,C x ) cooTHoniGHneM: 

/(*i, m, C) = / M (C) [1 + <p{t u x h C x )] , (1.4) 

/ M (C) = n(^) 3/2 exp(-C 2 ) 

- ecTb a6cojiK)THbiH MaKCBejuiiiaH. 

3aTeM Ha ocHOBaHiiii HaiifleHHOH cpyHKxjHH pacnpeflejieHHH Tpe6yeTC5i Haft- 
th MaccoByio CKopocTb ra3a, 3HaneHHe MaccoBoii ckopocth ra3a Henocpefl- 
CTBeHHO y CTeHKH. Kpoivie Toro, Tpe6yeTC5i BbinncjiHTb cnjry conpoTHBjieHHH 
ra3a, fleHCTByioiirylo Ha KOJieSjnoiiryioca njiacTHHy, orpaHHHHBaiOHryio ra3. 

IloflHepKHeM, hto sa^ana o KOJie6aHH5ix ra3a peniaeTca b jiHHeapH30BaH- 
Hoii nocTaHOBKe. jlnHeaproauHii sa^ann npoBefleHa corjiacHO (1.4) no 6e3pa3- 
MepHoii MaccoBoii ckopocth U y (ti, x\) npn ycjiOBHH, hto \U y (ti, x)| C 1. 3to 
HepaBGHCTBO SKBHBajiGHTHO HepaBeHCTBy 1^(^1,^1)1 <C vti r^e vt = 

- TenjiOBa^ CKopocTb MOJieKyji, HMeiomaa nopsiflOK ckopocth 3ByKa. 

BejiHHHHy 6e3pa3MepHoii MaccoBoii ckopocth U y {t\, x{) corjiacHO ee onpe- 
flejieHHio (1.2): 

U y (t h = -L y exp{-C 2 )C y if{t h x h C)d 3 C. (1.5) 



C notviombio (1.5) KHHeTHnecKoe jiHHeapH30BaHHoe ypaBHeHHe (1.3) 3ami- 
cbiBaeTCH b BH^e: 

dip 



'^ + C x ^- + ^(t h x h C) = ^ J eM-C' 2 )C' y p(t h x h C')d 3 C'. (1.6) 
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CcpopMyniipyeM sepKajibHO-fliicpcpysHbie rpamiHHbie yoiiOBira, 3anncaH- 
Hbie OTHOCHTejibHO (pyHKi^iiii <p{ti, Xi, C): 

ip(t u 0, C) = 2qC y U s (t 1 ) + (1 - q)(p(t h 0, -C x: C y: C z ), C x > 0, (1.7) 

H 

p(ti,a;i ->• +oo,C) = 0. (1.8) 
HTaK, rpaHHHHaa sa^ana o KOJie6aHH5ix ra3a ccpopMyjiiipoBaiia iiojiho 

CTbK) II COCTOIIT B peilieHIIII ypaBHGHII5I (1.6) C rpaHIlHHblMII yCJIOBH5IMII (1.7) 
H (1.8). 

OTMeTiiM, hto k BbipajKemiio (1.5) fljra 6e3pa3MepHoii MaccoBoft CKopo- 

CTH MO>KHO npHflTH, HCXOflfl H3 OIipeflejieHM pa3MepHOH MaCCOBOH CKOpOCTH 

ra3a (1.2). B caMOM ^ejie, no^CTaBjisra b (1.2) BbipajKemie (1.4), npiixofliiM 

B TOHHOCTII K BbipaJKGHIIK) (1.5). 



3 ^eKOMnosHipia rpaHHHHofi 3a^aHH 

y^HTbiBaa, hto KOJie6ami5i njiacTHHbi paccMaTpHBaiOTCH B^ojib och y, 6y- 
fleM iicKaTb, cjiefly^ HepHiiHb5iHH [T5] . cpyHKD;iiio y?(ti,xi,C) b BH^e 

¥>(fi,si,C) = C y H{t 1: x 1 ,C x ). (2.1) 

Tor^a 6e3pa3MepHa5i MaccoBasi CKopocTb (1.5) c noMom,bio (2.1) paBHa 



DC' 



C7 y (t 1; x x ) = J exp(-C' x 2 )H(t h x u C' x )dC' x . (2.2) 

— oo 

C noMombio yKa3aHHOii Bbinie noflCTaHOBKii (2.1) KiiHeTiinecKoe ypaBHe- 
Hiie (1.6) npeo6pa3yeTC5i k BHfly: 

oo 

^ + C x — + H{t l ,x l ,C x ) = -j= J eM-C' x 2 )H(t 1 ,x 1 ,C' x )dC' x . (2.3) 

— oo 

TpaHHHHbie ycjiOBH5i (1.7) ii (1.8) npeo6pa3yiOTCH b cjieflyiomiie: 

H(t 1} 0, C x ) = 2qU s (t x ) + (1 - q)H(t u 0, -C x ), C x > 0, (2.4) 
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H{t 1 ,x 1 ->+oo,C x )=Q. (2.5) 

CjieflyiomHM niaroM o,zi,HOBpeMeHHO ocymecTBiiM KOMiuieKCiicpiiKai^iiio kh- 
HGTHHecKoro ypaBHeHHH h BbiflejiiiM BpeMeHHyio nepeMeHHyio, iiojiojkiib ^a- 
jiee: 

H(t h x h C x ) = Re {e-^hfa, C x )} (2.6) 

U^cosuxh = Re{e~ iuJltl Uo}. 

Tenepb BMecTO (2.3) mm nojiy^aeivi KOMiuieKCHO-siiaHHoe ypaBHemie (ypaB- 
HeHiie OTHOCHTejibHO KOMnjieKCHO-SHaHHoii (pyHKu;nn h(xi, C x )): 

oo 

C x — + (1 - lu^hixu C x ) = -= / exp(-Cf )h(x h C' x )dC' x . (2.7) 

OX\ yJlT J 



-oo 



rpaHHHHbie ycjiOBH5i (2.4) h (2.5) nepexoflsrr b cjie^yiomiie: 

h(0, C x ) = 2qU + (1 - q)h(0, -C x ), C x > 0, (2.8) 

ii 

h{x! +oo, C,) = 0. (2.9) 
Tor^a 6e3pa3MepHa5i MaccoBaa CKopocTb corjiacHO (2.2) h (2.6) paBHa: 

oo 

U y (t uXl ) = ^J exp(-C^) Re {e~^h{x u C' x )}dC' x . (2.10) 

— oo 

Mbi nojiyHiijiii rpaHHHHyio sa^a^iy, cocToamyio b penieHHH ypaBeHHiisi 
(2.7) c rpaHHHHbiMH ycjiOBHHMH (2.8) ii (2.9). CKopocTb ra3a corjiacHO (2.10) 
6yn,eT BbiHiicjieHa bo BTopoii Haerii Hanieii pa6oTbi. 



4 Co6cTBeHHbie peineHHa HenpepbiBHoro cneKTpa 

nepennnieM rpaHHHHyio sa^any (2.7), (2.8) h (2.9) b Bii^e: 



oo 



dh 1 f 

Ii- h z h(xi, fi) = —= / exp(-// )h(xi, n')dn' , (3.1) 

OXi V 7T J 



-oo 
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r^e 

z = l- iuj h 

H 

h(0 } fjL) = 2qU -\-{l-q)h(0 } -fi)dfi, \i > 0, (3.2) 

h(+oc, //) = 0. (3.3) 

TpaHHHHaH 3ajj,aHa (3.1)-(3.3) 6yn,eT paccMOTpeHa b cjie/jyiomeH nacTH 
Hanieft pa6oTbi. Pa3Jj,ejieHHe nepeivieHHbrx b ypaBHeHHH (3.1) ocymecTBjiHeTCH 
cjie/xyioiHeH noflCTaHOBKOH 

h^xi,!!) = exp(-^^ J $(??,//), (3.4) 
rjj,e 77 - napaivieTp pa3Jj,ejieHHH, hjih cneKTpajibHbiH napaivieTp, BOo6me roBO- 

pH, KOMnjieKCHblH. 

rioflCTaBjiHH (3.4) b ypaBHeHiie (3.1) nojiynaeivi xapaKrepHCTHnecKoe ypaB- 

HGHIie 

oo 

(rj - /i)$(r/,/i) = \ exp{-fi ,2 )<5>{r],fi')dfi'. (3.5) 

— oo 

ECJIH BBeCTH o6o3HaHeHHe 

oo 

If 2 ; ; 

n ( 7 7) = — / exp(— fi' )Q(r) : ii )dfi , (3-6) 
zo J 



— oo 



to ypaBHeHiie (3.5) ivioHteT 6biTb 3anHcaH0 c noivioiHbio (3.6) b BHjj,e 

{rj - /i)$(7/,/i) = -^=r)n(rj), rj G C. (3.7) 

'7T 



YpaBHeHHe (3.7) HBjineTCH KOHenHbiivi (He/jHcpcpepeHniiajibHbiM) ypaBHeHn- 

eM. YcjIOBHe (3.6) Ha3bIBaeTCH HOpMHpOBOHHbIM yCJIOBHeM, HOpMHpOBOHHbIM 
HHTerpajIOM, HJIH npOCTO HOpMHpOBKOH. 

PeuieHHe xapaKTepHCTHHecicoro ypaBHeHHH jjjih fleHCTBHTejibHbix 3Hane- 
hhh napaivreTpa 77 6yzreM HCKaTb b npocTpaHCTBe o6o6ineHHbix (pyHKHHH [Bj. 
06o6meHHoe penieHHe ypaBHeHHH (3.7) nivieeT bhjj,: 

$(^m) = -^=Wi(rj)P — h g(r))S(r] - //), (3.8) 
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r^e — oo < 77, \i < +00. 

S^ecb g{r\) - npon3BOJibHa5i HenpepbiBHaa cpyHKnH5i, onpeflejraeMaH H3 
ycjiOBH^ HopMiipoBKii, 5(x) - flejibra-cpyHKnHsi ^npaxa, chmboji Px^ 1 03Ha- 
naeT raaBHoe 3HaneHHe nnrerpajia npn HHTerpiipoBaHiiii x~ l . IIoflCTaBjisisi 
(3.8) b (3.6), nojrynaeivi ypaBHeHHe, H3 KOToporo HaxoflHM 

n(ri)\(ri) = exp(-ij 2 )g(r]), 

rp<e X(z) - flHcnepcnoHHaa cpyHKHH5i, BBefleHHaa paBeHCTBOM 

00 

w . z f exp(-T 2 )c?T 

X(z) = 1-1^ + -= / — ^ '—. 

V7T J T - Z 

—00 

3Ty (pyHKirnio mojkho npeo6pa30BaTb k BH^y: X(z) = — iu\ + Xq(z), r^e 

X()(z) - H3BeCTHa5I <pyHKHH5I H3 TeopHH njia3Mbi, 

00 2 

Hz) = 4= / ^1. 

—00 

Co6cTBeHHbie cpyHKHnn (3.8) onpeflejieHbi c TOHHOCTbio ,0,0 MyjibTHiuiHKaTiiB- 
hoh "nocTO^HHoii" 71(77): 

&(r],n)= —^r]P \- exp(r] 2 )X(r])5(r] — fi) 77,(77). (3.9) 

-V~ 1 - v ■ j 

Co6cTBeHHbie (pyHKHnn (3.9) Ha3biBaiOTC5i co6cTBeHHbiMH (pyHKii,H5iMH Henpe- 
pbiBHoro cneKTpa, n6o cneKTpajibHbiii napaivieTp 77 HenpepbiBHbiM o6pa30M 
3anojiH5ieT bcio fleiiCTBHTejibHyio np^iviyio. 

^ajiee b ciuiy ojjhopojjhocth ypaBHGHHH (3.1) mojkho cnnraTb, hto 

71(77) = 1- 

TaKHM o6pa30M, co6cTBeHHbie penieHH^ ypaBHeHH5i (3.4) nivieioT bhjj, 

(X\ \ \ 1 I ~| 
z ) ^r]P h exp(r] 2 )X{r])6{r] - n) . (3.10) 
77 J VyJ'K TJ - fJL J 

Co6cTBeHHbie pemeHH5i (3.10) OTBenaiOT HenpepbiBHOMy cneKTpy xapaK- 
TepHCTHHecKoro ypaBHGHHH, n6o cneKTpajibHbiii napaivieTp HenpepbiBHbiM 06- 
pa30M npo6eraeT bcio nncjiOByio np5iMyio, T.e. HenpepbiBHbiii cneKTp a c ecTb 
BC5i KOHenHaa nacTb hhcjioboh np5uvioii: a c = (—00, +00). 
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Eto ycjioBHio sa^aHH mh iimeM peHiemie, HeB03pacTaioinee B^ajiH ot ctch- 
kh. IlosTOMy flajiee 6yn,eM pacciviaTpHBaTb nojio>KHTejibHyio nacTb Henpe- 
pbiBHoro cneKTpa. B stom cjiynae co6cTBeHHbie penieHHH (3.10) 5iBji5iK)TC5i 
HCHe3aioiri,HMH B^ajiH ot CTeHKH. B CB5I3H c 3thm cneKTpoivi rpaHHHHoft sa^a- 
hh 6yn,eM Ha3biBaTb nojio^KHTejibHyio fleHCTBirrejibHyio nojiyocb napaMerpa 
rj: (jP roblem = (0,+oo). 

B 3aKjiK)HeHHe sroro n. npiiBefleM cpopMyiibi CoxouKoro ajih fliicnepcii- 
ohhoh (pyHKiiTiH: 

oo 2 

X ± (fi) = ^szi^/TTfie^^ — iui H — = / . 

Vtt J r - 11 
o 

Pa3HOCTb rpaHHHHbix 3HaHeHHii flHcnepcHOHHoft (pyHKi^HH OTCiofla paBHa: 

A + (/i) - X~(fj) = 2^/j J e~ fJ ' 2 i, 
nojiycyMMa rpaHHHHbix 3HaneHHH paBHa: 



oo 



A + (//) + A"(/i) 1 fe- T rdr 

2 ^TT J T - fl 



3aMeTHM, hto Ha fleftcTBHTejibHoft och fleftcTBHTejibHaH HacTb flHcnepcH- 
ohhoh (pyHKL^iiii \q(/i) HMeeT flBa Hyira ±/io, /io = 0.924 • • • . 3th flBa Hyjra 

B CHJiy HCTHOCTH (pyHKITHH Xo(fl) pa3JIHHaK)TC5I JIHHIb 3HaKaMH. 

OTMeTHM, hto Ha ^eHCTBHTejibHOH och flHcnepcHOHHyio cpyHKH,Hio yn,o6- 
Hee Hcnojib30BaTb b HHCjieHHbix pacneTax b Bii^e (cm. |21j ) 

1 

Ao(/i) = 1 - 2/d 2 J exp(-^ 2 (l - £ 2 ))aft, /i G (-oo, +oo). 



5 Co6cTBeHHbie peineHna /niCKpeTHoro cneKTpa 

Pa3JIO>KHM flHCnepCHOHHyK) CpyHKHHK) B pHfl JlopaHa no OTpiiUaTejIbHblM 

CTeneHHM nepeMeHHoro z b OKpecTHOCTH 6ecKOHeHHO ynajieFmoft tohkh: 

A( X ) = -^ 1 - — - — - — (4.1) 
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Phc 1. ^HcnepcnoHHaa c^yHKuiui Xo(fj) Ha ^eftcTBHTejitHOH och. 

H3 pa3Jio>KeHHa (4.1) BH^HO, hto npii Majibix 3HaneHH5ix uj 1 flHcnepcH- 
OHHaa (pyHKii,H5i HMeeT flBa OTjinnaiomHeca jiiinib 3HaKaMii KOMiuieKCHO- 
3HaHHbix Hyira: 

, (0)/ \ 1+* 



2^ 

OTCIOfla BHflHO, HTO npii CJi — > 06a HyjIH flHCnepCHOHHOH (pyHKI^HH 

HMeiOT npe^ejiOM OflHy 6ecKOHeHHO yn,ajieHHyio TOHKy rji = 00 KpaTHOCTii 
(nopflflKa) flBa. 

H3 pa3JIO>KeHH5I (4.1) BHflHO TaK >Ke, HTO 3HaHGHHe flHCnepCHOHHOH (pyHK- 

u,hh b 6ecKOHeHHO yflajieHHoft tohkh paBHo: 

A(oo) = 

ripiiMeHHM Tenepb npiiHt^iin apryMeirra ^jih HaxcwK^eHHH Hyjieii fliicnep- 

CHOHHOH (pyHKI^HH B BepXHeii H HHJKH6H nOJiynjIOCKOCTHX. 3tOT nOflXOfl 5IB- 
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Phc 1. MmiMaH nacTb ^HcnepcnoHHoft (pyHKUHii A + (/i) Ha ^eficTBHTejibHofl och. 
KpHBbie 1, 2, 3 oTBenaioT 3HaHeHHHM napaMeTpa oui — 0, 0.5, 1. 



ji5ieTC5i Haii6ojiee o6lu,hm. 



Bo3bMeM ppe np^Mbie Tf 7 napajuiejibHbie fleiiCTBiiTejibHoii och h otctoh- 
in,ne ot Hee Ha paccT05iHiiii er, £ > 0. Hhcjio e Bbi6epeM HacTOJibKO MajibiM, 

HT06bI BCe HyjIH flHCnepCHOHHOH (pyHKH,HH jie>KajiH BHe y3Koii nojiocbi, 3a- 
KJHOHeHHOH MeWiflJ IipHMblMH hTj. 

CorjiacHO npHHijHny apryMeirra pa3HOCTb MewLpy hiicjiom Hyjieft h hiicjiom 
nojiiocoB flHcnepcHOHHoii (pyHKi^HH paBHO npiipameiiiiio ee jiorapiicpMa: 



N-P = 



1 

2m 



+ 



d In X(z). 



(4.2) 



B (4.2) KajKflbiii Hyjib h nojiioc cniiTaiOTCsi CTOJibKO pa3, KaKOBa hx KpaT- 
HOCTb, npaMbie ii r~ npoxofl^TCH cootbgtctbghho b nojico-KirrejibiiOM h 
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OTpHi],aTejibHOM HanpBjieHHHx. 5Icho, hto flHcnepcHOHHasi <pyHKHH5i nojiiocoB 
He HMeeT, t. e. P = 0. 

B npe^ejie npn e — > H3 paBeHCTBa (4.2) nojiynaeM: 



oo 



N = 



1 



2m 



din 



A-(^) 



(4.3) 



— OO 



HHTerpaji H3 (4.3) pa3o6beM Ha ^Ba: 



oo 



— oo 







— oo 



Bo btopom HHTerpajie CflejiaeM 3aivieHy nepeivieHHOH: r — > — r, npii TaKoii 
3aivieHe HMeeivi: 

X + (-r) = X-(r), A-(-r) = A + (r). 

CjieflOBaTejibHO, BTopoii HHTerpaji paBeH nepBOMy. B caMOM jj,ejie, 
o 



din 



— oo 

TaKHM o6pa30M, 



oo 



din 



A+(- M ) 



A-(-//) 7 
o o 







oo oo 



A-(p) 



(4.4) 



PaccMOTpiiM Tenepb Ha KOMnjieKCHOii njiocKOCTH ceMeiicTBO KpHBbix T = 
r(wi) : z = G(t), O^t^ +oo, r#e 

A+(f) 



G(*) = 



A"(t) 



HeTpyflHO npoBepHTb, hto 

G(0) = 1; 



lim G(f) = 1. 

T^ + OO 



3th paBeHCTBa 03HanaiOT, hto KpHBbie T(ui) hbjihiotch 3aMKHyTbiMH: ohh 

BblXOflHT H3 TOHKH Z = 1 H 3 aKaHHHBaK)TC5I B 3TOH TOHKe. CorjiaCHO (4.4) 

HMeeivi: 



7T2 



ln|G(r)| +zargG(r) 



+oo 1 r 



7T 



arg G(r) 



+00 
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YHHTbiBaa npeflbiflymne paBeHCTBa, OTCiofla nojiynaeM: 



7T 



- +00 

arg<2(*)J ( =2x(G), (4.5) 



HJIH 

N = 2x(G), 

Tflfi K = - HHfleKC CpyHKHHH G(t) - HHCJIO o6opOTOB KpHBOH T(cJi) 

OTHOCHTejibHO Hanajia KOop^HHaT, coBepniaeMbix b nojio>KHTejibHOM HanpaB- 

JieHHH. 

H3 (pOpMyjIbl (4.5) BHflHO, HTO 



N= 1 - 

TT 



argG(+oo) - argG(0)l = iargG(+oc), (4.6) 

J 7T 



h6o arg G(0) = 0. 

BBejj,eM yroji 6(fi) = argG(//) - rjiaBHoe 3HaneHHe apryMeHTa cpyHKHHH 
G(fi), cpHKcnpoBaHHoe b Hyjie ycjiOBHeM 9(0) = 0. 

0603HaHHM: s(fj) = y/TT/ie - ^ . BblflejIHM fleHCTBHTejIbHyK) H MHHMyK) na- 
CTH (pyHKH,HH G{t)\ 

= A (/i) - k^i + = 
Ao(/i) - ^cji + is(fi) 



+ 1- 



OTCIOfla BHflHO, HTO 

Re G(/1 ) = J^Zi!M±4, I mGW - 2A »(") S W 



ra3: 



Ag(/*) + k + s(p)Y ' v " Ag( M ) + [ Wl + S ( M )] 2 ■ 

(4.7) 

BBejj,eM Bbijj,ejieHHyio nacTOTy KOJie6aHHH njiacTHHbi, orpaHH^HBaiomeH 

cj? = max \ -XUu) + s 2 (u) « 0.733. 

3Ty nacTOTy KOJie6aHHH 6yn,eM Ha3biBaTb KpumunecKou. 
IloKa>KeM, hto b cjiynae, Kor^a nacTOTa KOJie6aHHH njiacTHHbi MeHbHie 
KpHTHHecKoii, T.e. npn ^ u < u\, HH^eKC cpyHKH,HH G(t) paBeH ejJ,HHHH,e. 
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Phc 3. KpiiBaa r(cui) HBjiaeTCH 3aMKHyToii h oxBaTBraaeT Hanajio Koop^HHaT npn 
< u>i < u)\. Himeicc (pyHKi^Hii G(fi) paBeH e^iimme, ^HcnepcHOHHaa cpymajiiH HMeeT 

flBa KOMnjieKCHO-3HaHHBIX HyjIH. 

3to 03HanaeT, hto corjiacHO (4.6) hhcjio KOMnjieKCHO-3HaHHbix Hyjieii flnc- 
nepcHOHHofi (pyHKHHH b pa3pe3aHHoft KOMnjieKCHoii njiocKOCTH c pa3pe30M 

BflOJIb fleHCTBHTejIbHOH OCH, paBHO ppyM. 

B cjrynae, Kor^a nacTOTa KOJie6aHHH njiacTHHbi npeBbiniaeT KpiiTHHecKyio 
(lo > col) HH^eKC (pyHKii,HH G(t) paBeH Hyjiio: h{G) = 0. 3to 03HanaeT, hto 
flHcnepcHOHHaa cpyHKHHH He HMeeT Hyueft b BepxHeii h HH>KHeH nojiynjioc- 
kocthx. B 3tom cjiynae ^HCKpeTHbix (nacTHbix) penieHHft ncxoflHoe KiiHeTH- 
necKoe ypaBHemie (3.1) He HMeeT. 

KpHBbie T(oji) corjiacHO (4.7) onpe^ejiHiOTCH napaMeTpHnecKHMH ypaB- 

HeHHHMH 

r(wi) : x = ReG(/i), y = lmG(/i), ^ ^ +oc. (4.8) 
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Phc 4. KpuBaa r(u;i) He oxBaTBreaeT Hanajio Koop^HHaT npn u\ > oj*. Hh^ckc cpyHKHHH 
G(fi) paBeH Hyjiio, ^HcnepcnoHHaa cpyHKHHH HMeeT He HMeeT Hyjieii b BepxHeft h 

HHJKHefl nojiynjiocKOCTHX. 



ripii (jji = mm HMeeM cjiynaft, paccMOTpeHHbiH b [21] • B stom cjrynae Kpn- 
Baa r(0) oxBaTbmaeT o^hh pa3 Hanajio Koop^HHaT. B caMOM ^ejie, (pyHKuna 
Xo(fi) HMeeT eflHHCTBeHHbiii Hyjib /iq ~ 0.924 Ha fleficTBHTejibHOH och, npii- 

HQM Xo(fl) > npH ^ fl < flo H Xo(fl) < npH /IQ < /l < +OO. OyHKUTlSl 

2/i(/i) = Aq(/z) — s 2 (/i) HMeeT ^Ba Hyira //i « 0.447 h ^2 ~ 1.493. Ilpa stom 
2/1 (/i) > npn /i G [0, /ii) U (//i, +oo), a npn ji G (fix, fi 2 )- yi(/J>) < 0. 

Tenepb H3 cooTHorneHiiii (4.7) h (4.8) bh^ho, hto npii H3MeHeHHH \i ot 

flO /ii KpilBa5I r(0) BblXOflHT 113 TOHKIl Z = 1 H npil \1 = \1\ OKa3bIBaeTC5I B 
TOHKe Ha MHHMOH OCH C KOOpflliHaTOH 

/ \ t \ 2A (/ii)s(/ii) 

2/ (/ii) = Im G(//i) = 2 > 0. 
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Piic 5. 3&bhchmoct£> yrjia 9 = 9(/i,uji) ot \i npii pa3JiHHHt.ix 3HaHeHHHx napaMeTpa ui\ 
npn u)\ > uj*. HH^exc (pymariiii G(/i) paBeH Hyjiio. npiipameHiie yrjia Ha nojiyocii paBHo 
Hyjiio. KpiiBKie 1 ii 2 OTBenaeT SHaneniiJiM Ui — 1 h oj\ — 1.5. 



IlpH 3tom KpHBa^ T(0) onHCbmaeT flyry, jie>Kaiiryio b nepBofi neTBepTH. IlpH 
H3MeHeHHH fi ot fi\ pfl fiQ KpHBasi onHCbmaeT flyry, jie>Kamyio bo BTopoii 
^eTBepTH, ii npii fi = fiQ OKa3bmaeTC5i b TOHKe Ha ^eiicTBHTejibHOH ocii c 
KoopflimaToii x(fio) = —1. Ilpn H3MeHeHeHiiii fi ot fio ao fi2 KpiiBa5i T(0) 
onHCbmaeT flyry, jie>Kaiiiyio b TpeTbeii neTBepra h npn fi = fi2 OKa3biBaeTC5i 

B TOHKe Ha MHHMOH OCH C KOOpflHHaTOH 



2A (^ 2 ) S (/i 2 ) 
A§(/x 2 ) + s*(» 2 ) 



Ilpn flajibHeiiHieM H3MeHeHHH // ot ^2 AO +00 KpHBaa T(0) jie>KHT b neT- 
BepToii neTBepTH h 3aKaHHHBaeTC5i b TOHKe z = 1, onncbiBasi o^hh o6opoT 
BOKpyr Hanajia KOop^HHaT. 
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Phc 6. 3aBHCHMocTb yrjia 6 = 9(/i,uji) ot h npn paajiHHHBix 3HaHeHHHx napaMeTpa ui\ 
npii < u>i < w*. HH^exc (pyHKuiiii paBeH e^iimme. IIpiipaiHeHHe yrjia Ha 
nojiyocH paBHo 27r. KpiiBBie 1 h 2 oTBenaeT 3HaHeHHHM wi = 0.5 h u\ — 0.3. 

EtycTb Tenepb napaivieTp uj\ H3MeH5ieTC5i b npe^ejiax ot Hyira j\o 3HaneHH5i 
ujI = s(/j,q) = v^Moe M " « 0.697. Tenepb kophh \i\ n ^ ypaBeHeHnsi 

CTaHOBHTCH (pyHKu,HHMH napaivieTpa cji: //i = fii(coi) H A^2 = ^2(^1), npnneivi 
//i(cc'i) < ^2(^1) • HeTpyziHO noHSTb, hto ceMencTBO KpnBbix r(cji) oxBaTbi- 
BaeT Hanajio KOop^HHaT TOiyia n TOJibKO TOiyia, KOiyia /ijm Hyjien ^i(cji), ^2 
n ^2(^1) BbinojiHiieTca HepaBeHCTBO 

^i(cji) < H2 < ^2(^1)- 

TonKa ^2(^1) He 3aBHCHT ot W], a npn B03pacTaHnn cji ot ,0,0 tohkh 
^i(cji) n ^2(^1) c6jin>KaK)TC5i HaBCTpeny flpyr flpyry Ilpn u\ = tohkh 
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fiQ ii ^2(^1) coBnaflaiOT. 3to 03HanaeT, hto KpiiBa5i r(w^) npoxoflirr Hepe3 
Hanajio KOopflimaT. 9T0My cjryHaio mo>kho npiiniicaTb im^eicc T(fio) = 1/2. 



\ 


















\ 0.8 / 


l 

1.6 


(I 



Phc 7. HyjiH /ii(wi) 11 /U 2 (wi) (J)yHKn;HH npii Wi = 0.5; 

^(0.5) = 0.543, /i 2 (0.5) = 1.158. 

IlpH flajibHeiinieM B03pacTaHiiii u\ ot cjJ ,0,0 uj\ TOHKa ^2(^1) CHanajia 
nepeMem,aeTC5i BjieBO ot tohkii ^q, He 3aBiiC5imeii ot cji, a ^ajiee tohkii ^i(cji) 
11 ^2(^1) coBna^aiOT: 

^(0.733) = ^(0.733) = 0.799. 

3aTeM npii u ^ ul (pyinajira x(fi) CTaHOBiiTC5i nojio>KHTejibHoii npii Bcex 
3HaneHH5ix fi, fi ^ 0. HTaK, npn ^ u\ < u\ im^eicc paBeH efliiHiiiTe: 
x{G) = 1, a npii to > u\ iiHfleKC paBeH Hyjiio: x{G) = 0. 3to 03HaHaeT, 
hto npn ^ uj\ < u\ fliicnepciiOHHasi (pyHKinia HMeeT ppa, HyjiH, a npn 
ui > L)\ fliicnepciiOHHasi cpyHKuiiii Hyjieii b BepxHeii 11 hidkhgh noMjieKCHoii 
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nojiynjiocKOCTH He HMeeT. 

IlpH ^ cui < L)\ Hyjiii flHcnepcHOHHofi (pyHKHiin o6o3HaHHM nepe3 770(^1 
11 — ?7o(cji). B CHjiy hcthocth jjncnepcHOHHoii (pyHKniiH ee KOHenHbie Hyjiii 

pa3JIHHaK)TCH TOJIbKO 3HaKaMH, HMeH OflHHaKOBbie MOJjyjIH. 

TaKiiM o6pa30M, jjiiCKpeTHbiii cneKTp xapaKrepHCTHnecKoro ypaBHeHHH, 
coctohihhh H3 Hyjieii flHcnepcHOHHoii cpyHKHHH, b cjrynae ^ uj\ < u\ ecTb 

MHOHteCTBO H3 JJByX TOHC-K (Trf(cJi) = {^o(^l), — ^o(^l)}- ^IpH U\ > Uj\ flHC- 

KpeTHbiii cneKTp - - sto nycToe MHC»KecTBO. Ilpii ^ uj\ < u\ co6ctbcti- 
HbiMii cpyHKHHHMH xapaKTepHCTnnecKoro ypaBHemin hbjihiotch cjie/xyioinHe 
jjBa peineHHH xapaKrepncTHHecKoro ypaBHeHHH: 

$ ±770 (wi = -= - \ 

h jjBa cooTBeTCTByiOHi,Hx co6cTBeHHbix penieHHH HexoflHoro xapaKTepncTH- 
necKoro ypaBHeHHH (3.1): 

7 / \ / x i z o \ 1 ±^o(^i) 

= exp ( - ±^y)^ ± „ oM _ M 

nofl r/o (cji) 6yn,eM noHHMaTb tot H3 Hyjien jjiicnepcHOHHoii (pyHKi^HH, ko- 
Topbiii o6jiajj,aeT cbohctbom: 

_ 1 — ILJi 

Re — — > 0. 

770(^1) 

^jih SToro HyjiH y6biBaioinee co6cTBeHHoe penieHHe KHHCTHnecKoro ypaBHe- 
HHH (3.1) HMeeT BHJJ, 

W*i>m) = exp(---j-— - 



»7o(^i) ST} (ui) - fJb' 
3to 03HanaeT, hto jjiicKpeTHbiii cneKTp paccMaTpHBaeMoii rpaHHHHOH 3a- 

JjaHH COCTOHT H3 O/XHOH TOHKH (jP/ 01310111 = {?7o(^l)} B CJiyHae < UJ\ < U*. 

ripn ui — > 06a HyjiH, KaK y>Ke yKa3bmajiocb Bbinie, nepeMemaiOTCH b 
OflHy h Ty >Ke 6ecKOHeHHO yn,ajieHHyio TOHKy. 3to 3HannT, hto b stom cjiy- 
nae flHCKpeTHbifi cneKTp xapaKrepncTHHecKoro ypaBHeHHH coctoht H3 o/xhoh 
6ecKOHeHHO y/iajieHHOH tohkh KpaTHOCTH jjBa: cr^(0) = rji = 00 n hbjihctch 
npncoeflHHeHHbiM k HenpepbiBHOMy cneKTpy. 3tot cneKTp hbjihctch TaK>Ke 
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n cnGKTpoM paccMaTpHBaeMoii rpaHnnHoii sa^ann. O^HaKO, b btom cjiynae 
fliiCKpeTHbix (nacTHbix) peniemiH pobho ^Ba: 

hi(xi,/i) = l, h 2 (xi, fi) = xi - 11. 

CocTaBiiM o6mee pemeHne ypaBHemiH (3.1) b Bii^e cyMMbi nacTHoro (flnc- 
KpeTHoro) penieHHH, y6biBaioinero Bflajiii ot CTeHKii, n nnrerpajia no Henpe- 
pbiBHOMy cneKTpy ot co6cTBeHHbix penieHnii, OTBenaiomnx HenpepbiBHOMy 
cneKTpy: 

oo 

h(xi, /I) = — — — exp ( — — !— - J + / exp ( — — !— - )$(^, ix)a{rj)dr}. (4.9) 
r} - fi \ rjo / J \ 7] J 

o 

SfleCb ~ HeiI3BGCTHbIII nOCT05IHHbIH KOSCpCpHHIieHT, Ha3bIBaeMblft K09(p(pH- 

hhchtom fliiCKpeTHoro cneKTpa, a{r\) - Heii3BecTHa5i (pyHKu;n5i, Ha3bmaeMaa 
K03(p(pHn,HeHTOM HenpepbiBHoro cneKTpa, $(77,//) - co6cTBeHHbie cpyHKHnn 
xapaKTepncTnnecKoro ypaBHeraiH, OTBenaioinHe HenpepbiBHOMy cneKTpy n 

eflHHHHHOH HOpMHpOBKe. 

Pa3Jio>KeHHe (4.9) mojkho npe^CTaBHTb b hbhom Bn^e: 



nlxi, fi) = exp + 



00 



7] 




+ / exp ( -zq) —=f]P h exp(r] 2 )X(r])5(r] — fi) a(rf)drj. (4.10) 

/ V 77 / is/77 I) It ■ • j 



Vtt rj-fi 



OyHKnim a{rj) no^jiOKHT Haxo^K^eHnio H3 rpaHHHHbix ycjiOBnii (3.2) n (3.3). 
Pa3Jio>KeHHe (4.10) mojkho npe^CTaBHTb b KjiaccnnecKOM Bn^e: 



nlxi, fi) = exp + 



00 



1 f / xiZQ\j]a{r])dr] / x^q 2 \ 

= / exp hexp h/i )X{ii)a{ii)9 + {ji), (4.11) 

7r / \ n J n — ll \ u J 



r] J ri-11 \ fi 





iyre + (fi) - (pyHKHH5i XsBHcaH^a, 

0+M = 



1, /i>0, 

0, fi < 
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3aKjiK>HeHHe 

B HacTO^meH pa6oTe ccpopMyraipoBaHa BTopaa sa^ana CTOKca — sa^a- 
na o noBefleHHH pa3pe>KeHHoro ra3a, samiMaiomero nojiynpocTpaHCTBO Ha^ 
CTeHKoii, coBepniaiomeH rapMOHiiHGCKiiG KOJie6aHHH. PaccMaTpiiBaioTC5i fliicp- 
(py3HBie rpaHHHHBie ycjiOBHH. Hcnojib3yeTCsi jiiiHeaprooBaHHoe KHHeTHne- 
CKoe ypaBHeHHe, nojiyneHHoe b pe3yjibTaTe jinHeapn3ai^nn MO^ejibHoro KiiHe- 
THHecKoro ypaBHeHHH BojibUMaHa b pejiaKcainiOHHOM npii6jin>KeHHii . OTbic- 
KHBaeTca CTpyKTypa ^HCKpeTHoro h HenpepbiBHoro cneKTpoB salami. Haxo- 
flsiTca co6cTBeHHbie penieHHH, OTBeHaiomHe ^iiCKpeTHOMy h HenpepbiBHOMy 
cneKTpaM. CocTaBjisieTCH o6mee pememie KiiHeTHHecKoro ypaBHeHM b Bii^e 
pa3Jio>KeHH5i no co6cTBeHHbiM penieHHHM. 
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